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(54) Apparatus for producing ozone water 

(57) An apparatus for producing ozone water by 
accelerated mixing and dissolving of ozone into water 
due to an enhanced contact efficiency of ozone gas and 
water with controlled temperature. The apparatus (99) 
comprises a circulation line (2) for circulating ozone 
water (60) and employs a jet nozzle (4a) in a conduit (4) 
which returns the ozone water (60) from the circulation 
line (2) into a primary container (1). This causes nega- 
tive pressure about the outlet of the nozzle, thereby the 
ozone gas (70) is sucked into the water which is jetted. 
Thus, the ozone gas is rapidly mixed and dissolved into 
the water. Efficiency of stirring of the ozone water is also 
enhanced. A secondary container (5a) is provided in the 
circulation line, which specially facilitates cooling of the 
ozone water as well as prevention of freezing. 
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Description 

The present invention relates to an apparatus for 
producing water which contains dissolved ozone (here- 
inafter referred to as "ozone water"). 5 

In recent years, it has been known to utilize strong 
oxidation effects of ozone for the purpose of disinfec- 
tion, or for the purpose of processing, cleaning or other 
treatments of industrial products. Advantages from 
these utilizations exists in that ozone has strong power 10 
for the above tasks and in that those steps for removing 
or safening of chemicals can be omitted or substantially 
reduced, as compared with the cases using other chem- 
icals except ozone, because extra ozone or released 
ozone rapidly decomposes in itself under usual condi- 15 
tions. In particular, inventors of the present invention 
have been paying attention to an advantage that ozone 
can be applied in highly accurate total amount and at 
highly accurate concentration to a place to be treated, 
when ozone is delivered after the ozone is put into the 20 
form of ozone water, and have been working to improve 
technologies in the related fields thereof. 

It is known that ozone water can be obtained by 
mixing and dissolving ozone into water. 

Further, it is known to mix and dissolve general 25 
gases into liquids by merely employing aspirators or by 
utilizing typical bubbling-type methods. 

However, when ozone is simply mixed and dis- 
solved into water by using the above known methods for 
mixing and dissolving gases into liquids, it is difficult to 30 
provide ozone water at a stable concentration. One rea- 
son for causing this difficulty is in that ozone is hardly 
water-soluble and the concentration of ozone in water 
tends to go down rapidly because the ozone in water 
rapidly decomposes. In particular, in order to produce 35 
and maintain ozone water at a preferred high concentra- 
tion, it is necessary to obtain higher speed of mixing and 
dissolving than the speed of the decomposition. How- 
ever, the speed of the decomposition increases as the 
ozone concentration increases. Therefore, it is neces- 40 
sary to increase the speed of mixing and dissolving in 
order to increase the maximum obtainable concentra- 
tion of ozone in water. However, it has been difficult to 
increase the speed of mixing and dissolving to an extent 
satisfactory for the purpose of production of ozone 4s 
water, if any of the above many known methods for mix- 
ing and dissolving gases into liquids is merely 
employed. This is one of big problems to be solved by 
the present invention. 

Further, many of the known methods mixing and so 
dissolving gases into liquids defect in that they cause 
decrease of pressure in the gas system or in that they 
cause resistance in the gas fluid lines. The inventors of 
the present invention considered that these defects not 
only give load by changes of the pressure to their appa- 55 
ratuses but also include other problems. If the above 
known methods are reviewed in the viewpoint for pro- 
duction of ozone water, it can be foreseen that the 



changes of the pressure tend to unstabilize the prefera- 
ble condition of equilibrium in the concentration of solu- 
tion and tend to badly effect the ozone gas supply 
means (for example, ozone generators). They are sig- 
nificant problems. 

And we have not found any known technologies to 
solve all the above mentioned problems at the same 
time. 

The purpose of the present invention is to present 
apparatuses for producing ozone water which can solve 
the above mentioned problems in order to produce 
ozone water in a quick manner and in order to maintain 
or provide ozone water at stable concentrations. 

In order to achieve the above purpose, by the 
present invention provided is an apparatus for produc- 
ing ozone water which substantially comprises a means 
for controlling temperature, a primary container for con- 
taining in-process ozone water and a circulation line 
which can communicate with the container. Preferably, 
the circulation line comprises a secondary container 
and the secondary container is equipped with the 
means for controlling temperature. Preferably, in the cir- 
culation Bne provided is a nozzle which causes negative 
pressure at the outlet of the nozzle so that ozone gas is 
drawn into and mixed and dissolved by the ozone water 
which is being circulated by the circulation line. 

Illustratively, the apparatus for producing ozone 
water comprises a circulation line which circulates 
ozone water and the ozone water from the circulation 
line is returned by a conduit in which an ejector nozzle 
is used in order to cause negative pressure locally at the 
outlet of the nozzle. Thus the ozone gas is forcefully 
drawn into the water which is being ejected by the noz- 
zle. The ozone gas is rapidly mixed and dissolved into 
the water, thereby enhancing a stirring effect on the 
ozone water in the primary container. A thin-shaped 
secondary container in contact with a metallic cooling 
medium means is provided in the circulation line so that 
the control to cod the ozone water is enhanced. By 
these configurations, unwanted freezing is also pre- 
vented. Further, these configurations minimize bad 
effects of the general vibrations and the changes of 
pressures. They provide more simplified mechanisms 
for mixing and stirring than those of conventional appa- 
ratuses, thereby presenting stability in operations and 
many advantages in maintenance. 

The present invention will be understood more fully 
from the detailed description given hereinafter and from 
the accompanying drawings of the preferred embodi- 
ment of the present invention, which, however, should 
not be taken to be limitative to be present invention, but 
are for explanation and understanding only. 
In the drawings: 

Fig.1 is a schematic elevation partly in section of an 
embodiment of th apparatus according to the 
present invention; 

Rg.2 is a schematic elevation partly in section of a 
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rrKxJifted embodiment of the apparatus of Fig.1 ; 
Rg.3 is a schematic elevation partly in section of 
another modified embodiment of the apparatus of 
Fig.1; 

Fig.4 is a schematic elevation partly in section of 
another modified embodiment of the apparatus of 
Fig.1; 

Fig. 5 is a schematic elevation partly in section of 
another modified embodiment of the apparatus of 
Fig.1; 

Fig.6 is a schematic elevation partly in section of 
another modified embodiment of the apparatus of 
Fig.1; 

Fig. 7 is a schematic elevation partly in section of a 
further modified type of embodiment from the appa- 
ratus of Fig.1 so as to comprise integrally the 
means for controlling temperature; 
Fig.8 is a schematic elevation partly in section of a 
modified embodiment of the apparatus of Fig.7; 
Fig.9 is a schematic elevation partly in section of a 
further modified type of embodiment from the appa- 
ratus of Fig.1 so that the primary container is 
directly provided with the means for controlling tem- 
perature; 

Fig. 10 is a schematic elevation partly in section of a 
modified embodiment of the apparatus of Fig.9; 
Fig. 11 is a schematic elevation partly in section of 
another modified embodiment of the apparatus of 
Fig.9; 

Fig. 12 is a schematic elevation partly in section of a 
further modified type of embodiment from the appa- 
ratus of Fig.1 so that the circulating line is provided 
with the means for controlling temperature wherein 
the means for controlling temperature has a coil- 
shaped portion through which some cooling 
medium flows; 

Ftg. 13 is a schematic elevation partly in section of a 
modified embodiment of the apparatus of Fig. 12; 
Fig. 14 is a schematic elevation partly in section of a 
further modified type of embodiment from the appa- 
ratus of Fig.1 so that a portion of the circulating line 
is configured in a coil-shaped manner and is 
located in the means for controlling temperature; 
Fig. 15 is a schematic elevation partly in section of 
an ozone water reservoir in accordance with the 
present invention; 

Fig. 16 is a schematic elevation partly in section of a 
modified embodiment of the apparatus of Fig.15; 
and 

Fig. 17 is a schematic elevation partly in section of 
another modified embodiment of the apparatus of 
Fig. 15. 

The present invention will be discussed hereinafter 
in detail in terms of the preferred embodiments of the 
present invention with reference to th accompanying 
drawings. In the following description, various specific 
details are set forth in order to provide a thorough 



4 

understanding of the present invention. It will be obvi- 
ous, however, to those skilled in the art that the present 
invention may be practiced without these specific 
details. In other instance, well-known structures are not 

5 shown in detail in order to avoid unnecessary obscure 
the present invention. 

As illustrated in Figs. 1-14, an apparatus 99 of the 
present invention comprises a primary container 1 for 
containing both the liquid 60 and the gas 70 which 

10 includes ozone, a pump 3 for circulating the liquid 60 
from the container 1 into a circulation line 2, an aspirator 
4 or an ejector (not shown in the Figures) located in the 
circulation line 2 for mixing and dissolving ozone into 
the liquid 60 and a means for controlling temperature for 

15 controlling the temperature of the liquid 60 to a temper- 
ature at which the dissolution of ozone into the liquid 60 
is facilitated. Portions of all these components which 
contact with ozone are made of materials such as anti- 
corrosive ozone-proof resin. The liquid 60, when intro- 

20 duced into the apparatus 99 at first or as a raw material, 
may be water. Alternatively, ozone water at some rea- 
sonable concentration may be introduced as a material 
to be further treated or a material to be just reserved. As 
the operation of the apparatus 99 is continued, ozone 

25 concentration of the liquid in the apparatus 60 rapidly 
becomes higher and higher to reach a predetermined 
concentration due to the ozone mixed and dissolved 
from the gas 70 which includes ozone. Thus, the liquid 
60 becomes well -control led ozone water of the prede- 

30 termined concentration, which can be utilized for vari- 
ous purposes. It should be understood that the "water" 
to be used in the apparatus 99 as a raw material for pro- 
ducing ozone water can mean not only pure water but 
also other kinds of waters, for example, tap water, brine. 

35 etc., which may contain impurities depending on costs 
and purposes. 

The container 1 is further provided with an inlet 
opening 6 for the liquid 60. an inlet opening 7 for the gas 
including ozone, an exhaust orifice 8 for the exhaust gas 

40 and an outlet 9 for the produced ozone water. The outlet 
9 is preferably located at the circulation line 2, although 
the outlet 9 can be located directly at the container 1. 
The outlet 9 is further provided with an open/close valve 
10. Thus, a constant amount of ozone at a constant 

45 concentration is introduced from the inlet opening 7 so 
as to form and make up the gas 70. On the other hand, 
any extra amount of the gas 70 is exhausted from the 
exhaust orifice 8. Thus, in the container 1, increase of 
the total pressure of the interior gas is prevented while 

so the ozone partial pressure is always maintained at a 
constant value. Further, if necessary, catalyst for 
decomposition of ozone is located at the exhaust orifice 
8, thereby decomposing ozone into oxygen before 
release into the atmosphere. 

55 The liquid 60 which is sent by the pump 3 and trav- 
els through the circulation line 2 is further jetted out of 
the nozzle 4a of an aspirator 4, which causes negative 
pressure at the outlet of the nozzle so as to suck the gas 
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70 into an suction portion 4b and further mix-dissolve it 
into the liquid 60. This course of action increases per- 
centage content of ozone in the circulating liquid 60. 
Thus ozone-increased liquid 60 is spurted from a return 
4c into the bulk liquid 60 in the container 1 so as to stir 
the latter liquid 60 in the container 1, which course of 
action also contributes to accelerate the mixing and dis- 
solution of ozone. This operation can be repeated as 
needed, therefore, ozone water can be stably produced 
having as high concentration and as high uniformity as 
needed. 

One example regarding the location of the aspirator 
4, etc., is to locate the aspirator 4 in the gas in the con- 
tainer 1 and to open the suction portion 4b into the gas 
70 and to open the return 4c which is inserted into the 
liquid 60 as shown in Figure 1. The aspirator 4 may be 
located out above the container 1 and the return 4c can 
be inserted into the liquid 60 in the container 1 and the 
suction portion 4b can be made communicative with the 
gas 70 via a connection piping as shown in Figure 2. 
The aspirator 4 can be located in the liquid 60 in the 
container 1 and the suction portion 4b can be directly 
opened into the gas 70 and the return 4c can be 
inserted in the liquid 60 as shown in Figure 3. As illus- 
trated in Figure 4, the aspirator 4 can be located out of 
and at the side of the container 1 and a piping can be 
located to connect the suction orifice 4b in a communi- 
cative manner with the gas 70 and the return 4c can be 
inserted and opened into the liquid 60 in the container 1 . 
As shown in Figure 5, the aspirator can be located in the 
liquid 60 in the container and the suction portion 4b can 
be inserted into the gas 70 and the return 4c can be 
opened into the liquid 60. As shown in Figure 6. the 
aspirator 4 can be located under the container 1 and the 
suction portion 4b can be inserted through the liquid 60 
and opened into the gas 70 and the return 4c can be 
inserted and opened into the liquid in the container 1. 
As shown in Figure 7, the aspirator 4 can be located 
between the container 1 and a means 5 for controlling 
temperature integrally provided thereto at the side and 
the suction portion 4b can be opened to the gas 70 in 
the container 1 and the return 4c can be opened to the 
liquid 60 in the container 1 . Further preferably, the aspi- 
rator 4 can be located between the container 1 and the 
means 5 for controlling temperature integrally provided 
thereto on the underside and the return 4c can be 
located to be communicative with the liquid 60 at the 
lower portion of the container 1 as shown in Figure 8. 
Many variations or changes aside from the above exam- 
ples can be possible within the scope of the present 
invention. 

When ozone is mixed and dissolved into the water, 
the lower the temperature is, the higher concentration is 
achieved. Further, the narrower the range of errors in 
the controlled temperature is, the more accurate the 
obtained concentration becomes. Therefor , it would be 
preferable to maintain the water at a constant tempera- 
ture which is within the range of 0 - 15 degrees Cel- 



sius(centigrade), although the inventors have confirmed 
by their experiments that even the water of 30 degrees 
Celsius would be acceptable in the apparatuses of the 
present invention. As shown in Figures 1-8, the means 

5 5 for controlling temperature of water for such purposes 
preferably utilizes a Peltier cooler which comprises a 
metal plate 5b of which temperature is controlled by one 
or more Peltier effect elements. The plate 5b is attached 
to a partial or entire portion of the wall of a thin cooling 

10 chamber 5a located in the circulation line 2. The cooler 
5 can be made in a body separate from the container 1 
as shown in Figures 1-6. It can be located under the 
container 1 as shown in Figures 5-6. As a modified 
example, the cooler 5 can be formed as an integral part 

is of the container 1 aligned on its side or under it. etc., as 
shown in Figures 7-8, wherein the liquid 60 which flows 
through the cooling chamber 5a can be cooled by the 
metal plate 5b. 

As an example wherein the means 5 for controlling 

20 temperature is located directly with the primary con- 
tainer 1. the metal plate 5b can be located in an appro- 
priate position on the exterior wall surface of the 
container 1 so as to cool the liquid 60 in the container 1 
as shown in Figure 9. In this example, rt is preferable to 

25 adjust the position of the metal plate 5b so that there is 
stronger cooling effect at a position below the level of 
the boundary between the gas 70 and the liquid 60. This 
prevents occurrence of freezing about the boundary. 
Further, as shown in Figure 10, the means 5 for control- 

30 ling temperature can be presented in a form comprising 
a coil-shaped portion 5c in the liquid 60 in the container 
1. Further alternatively, as shown in Figure 11, the 
means 5 can be presented in a form comprising a coil- 
shaped portion 5c which is coiled around the exterior 

35 surface of the container 1. wherein a cooling medium 
flows through the coil-shaped portion 5c to cool the liq- 
uid 60 in the container 1. 

On the other hand, as a type wherein the means 5 
for controlling temperature is directly located at the cir- 

40 culation line 2, the coil-shaped portion 5c can be 
located in the coding chamber 5a as shown in Figure 
12, or can be coiled around the cooling chamber 5a as 
shown in Figure 13. In these forms, the cooling medium 
flows through the coil-shaped portion 5c to cool the liq- 

45 uid 60 in the cooling chamber 5a. In a further modified 
form, for example, a portion 2a of the circulation line 2 is 
configured in a coil-shaped manner located in the cool- 
ing chamber 5a wherein the liquid 60 flows through the 
coiled portion 2a and the cooling medium flows through 

so the cooling chamber 5a so as to cool the liquid 60 in the 
coiled portion 2a. In view of all these details and modifi- 
cations, many changes or variations as needed would 
be possible within and in accordance with the spirit of 
the present invention. 

55 In the ozone water producing apparatus 99 as 
shown in the above embodiment, when the required 
amount of the liquid 60 and the required amount of the 
gas 70 are introduced into the container 1. they contact 
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each other so as to mix and dissolve ozone into the liq- 
uid 60 at the boundary layer. Further, when the pump 3 
is operated, the liquid 60 is circulated through the circu- 
lation line 2 and is then jetted from the nozzle 4a of the 
aspirator 4, being in the form of very fine droplets and 5 
causing negative pressure at the outlet of the nozzle. 
Therefore, the gas 70 in the container 1 is sucked in via 
the suction orifice 4b and ozone is mixed and dissolved 
into the liquid 60. Further, the liquid 60 containing thus 
mixed-and-dissolved ozone is returned from the return 10 
4c and spurted into the bulk liquid 60 in the container 1 , 
thereby stirring the liquid 60. This stirring also acceler- 
ates the mixing and dissolving of ozone into the liquid 
60. The mixing and dissolving operation can be repeat- 
edly continued because the ozone water circulates via 15 
the circulation line 2, thereby enabling the apparatus to 
produce high concentration ozone water quickly If the 
temperature of the circulating ozone water is kept in the 
range of 4 - 6 degrees Celsius by the means 5 for con- 
trolling temperature, the equilibrium of the concentration 20 
of ozone in the water and the dissolving of ozone into 
the water is so accelerated that even about 65 ppm +- 5 
ppm ozone water can be produced at 5 degrees +- 0.5 
degrees Celsius, under the provision of 10 % ozone gas 
at the flow rate of 0.4 gram/hour. By changing set value 25 
of the temperature, the concentration value can be con- 
trolled. 

The essence of the above apparatuses for produc- 
ing ozone water can be extensively adopted as a princi- 
ple for apparatuses used for rapid mixing and dissolving 30 
of a gas which is hardly soluble into a liquid. In this point 
of view, we can see at least the (1)-(3) advantages as 
follows: 

(1) Together with the constant contact of the gas 35 
and the liquid housed in a container, there can be 
obtained repeatedly and simultaneously an accel- 
erating effect from the mixing-dissolving of the gas 
sucked into the liquid in the circulation line and an 
accelerating effect from the stirring caused by the 40 
resulting spurting of thus mixed gas and liquid into 
the aforementioned liquid housed in the container. 
Therefore, mixing and dissolving of the gas into the 
liquid is achieved in high efficiency, and there ena- 
bled rapid production of solution of mixed gas and 45 
liquid, flexible control of concentration and mainte- 
nance of the solution of mixed gas and liquid, allow- 
ing outputs on as-needed basis. 

(2) The liquid circulation line can be located inde- 
pendently of the intake of the gas, the intake of the so 
liquid and outlets of the product. This means a 
reduction of unwanted changes of pressure at the 
gas generator. Further, the overall structure 
becomes simplified and the number of parts can be 
reduced. 55 

(3) The essence of the invention in principle allows 
integral formation of most portions which contact 
the gas, the liquid or the mixture, which leads to 



reduced risk of leakage of them and to a compact 
arrangement. 

On the other hand, the apparatus 99 of the 
present invention can be used as an reservoir of 
ozone water, if the liquid 60 is prepared as ozone 
water before it is introduced into the apparatus 99. 
In fact, as illustrated in Figures 15-17, an apparatus 
as an ozone water reservoir can be presented with- 
out including the whole components of the appara- 
tus 99 but based on some novel features of the 
apparatus 99. 

In Figure 15, an ozone water reservoir 100 
comprises a primary container 101 to contain 
ozone water 160, a secondary container 1 12 which 
is in a thin shape to have the ozone water 1 60 flow 
through it, a circulation line 102 which connects 
these containers, a circulation pump provided in the 
circulation line 102 and a means 105e for control- 
ling temperature attached to the secondary con- 
tainer 112. 

The figure shows the container 1 01 in the form 
containing the gas 170, however, the container 101 
can be adapted to be operable in a state almost 
wholly filled with the liquid 160. The primary con- 
tainer 101 is formed in such a manner to comprise 
a material such as anticorrosive ozone-proof resin 
at its inner surface. The primary container 101 and 
the secondary container 1 12 is connected by a cir- 
culation line 102. Further, at the upper portion of 
the container 101 provided is a conduit 104c for 
spurting the returning ozone water 160 into the 
ozone water 160 in the container 101. At the upper 
portion also provided is an inlet opening 106 for 
introducing the ozone water 160 into the container 
101. At the lower portion of the container 101 pro- 
vided is an outlet 109 for letting out the ozone water 
160 from the container 101. The outlet 109 is fur- 
ther provided with an open/close valve 110. 

The secondary container 1 12 is provided so as 
to have the ozone water 160 flow therethrough and 
in order to control temperature of the ozone water. 
It is configured in a thin shape so that deviations of 
the controlled temperature are reduced. It is pre- 
ferred that a portion at which the means 105e for 
controlling temperature is attached is especially 
configured to comprise a thin wall 112a with a 
membrane of anticorrosive resin or other anticorro- 
sive non-metal substance. Also, the interior surface 
of the secondary container 1 12 of course should be 
configured to have proper anticorrosive characteris- 
tic against ozone. 

The means 105e is provided in order to control 
temperature of the ozone water 160 which flows 
through the secondary container 112 by heat 
exchange. It comprises a metal plate which excels 
in heat conductivity. The face (rather than the edge 
or angle) of the metal plate is contacted with the 
wall 1 12a. The temperature of the ozone water 160 
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is controlled by cooling or heating the metal plate. 
For the purpose of this cooling or heating, utilization 
of Peltier elements is advantageous because it is 
free of undesirable vibrations, etc. However, means 
to cool or heat the metal plate is not necessarily lim- 5 
ited to the Peltier effect elements. In other words, 
other temperature control elements, air cooling, liq- 
uid cooling, or other general technologies can be 
adopted. 

Figure 16 shows an embodiment of a reservoir 10 
200 which comprises an integral main body includ- 
ing a primary container 201 and a secondary con- 
tainer 212 aligned laterally. Between these 
containers, the reservoir 200 is provided with a con- 
duit 250 as a part of a circulation line 202. The con- is 
durt 250 has an upper end connected to the 
secondary container 212 and a lower end opened 
towards the ozone water 260 in the primary con- 
tainer 201 . Therefore, this type of reservoir 200 can 
be made in as compact a style as possible by form- 20 
ing its integral body commonly using an anti corro- 
sive resin for the primary container 201, the 
secondary container 212 and the conduit 250. At 
the same time, this type excels in reducing the 
number of parts and the number of connection 25 
points to minimum. 

Figure 17 shows an embodiment of a reservoir 
300 which comprises an integral main body includ- 
ing a primary container 301 and a secondary con- 
tainer 312 aligned vertically in the body. At as far a 30 
position as possible from the connection point of 
the circulation line 302 into the container 301, the 
apparatus 300 is provided with a conduit 350 as a 
part of the circulating line 302. The conduit 350 has 
a lower end connected to the secondary container 35 
312 and an upper end opened into the ozone water 
360 in the primary container 301. Therefore, this 
type of reservoir 300 can be made in as compact a 
style as possible by integral formation commonly 
using an anticorrosive resin for the primary con- 40 
tainer 301, the secondary container 312 and the 
conduit 350. At the same time, this type also excels 
in reducing the number of parts and the number of 
connection points to minimum. 

In the above illustrated reservoirs (100, 200, 45 
300), in order to control temperature of the ozone 
water (160, 260, 360) in the primary containers 
(101,201, 301), the pumps (103, 203, 303) located 
in the circulation lines (102, 202, 302) are operated 
with the temperature control means (105e, 205e, so 
305e) being set for a preferred temperature. Thus, 
the ozone water is sent from the primary container 
into the secondary container and then is returned 
from the secondary container into the primary con- 
tainer. 55 

The ozone water being recirculated in this way 
is cooled due to heat exchange with the tempera- 
ture control means when it flows through the thin 



shaped secondary container. Then, via a conduit, 
the recirculating portion of the ozone water is 
spurted into the rest of the ozone water in the pri- 
mary container and is stirred and mixed with each 
other in the primary container. These operations 
can be performed repeatedly. Therefore, the ozone 
water is rapidly cooled and is set into a state having 
a preferred temperature with reduced deviations. 
Such state can be further maintained. 

In need for controlling the temperature of the 
ozone water so as to make it higher than the cir- 
cumstantial temperature, it should be understood 
that if the means for controlling temperature is set 
for high temperature and if the recirculating and the 
spurting into the ozone water in the primary con- 
tainer are repeated, a rapid control to raise the tem- 
perature of the ozone water is achieved. 

As described above, the ozone water reservoir 
of the present invention has an ability to control 
temperature, wherein some of its distinctive points 
as compared with conventional apparatuses for 
controlling temperature of a liquid is explained in 
the following. 

A typical conventional apparatus for controlling 
temperature of a liquid achieves temperature con- 
trol by externally providing a means for controlling 
temperature onto a heat-conductive metal con- 
tainer, or by internally providing a means for con- 
trolling temperature in the liquid in a container. 
However, the external means type apparatus risks 
a freezing phenomenon on the wall portion contact- 
ing the boundary surface of the gas and the liquid 
which co-exist in the container when cooled. The 
internal means type comprises a metal pipe as a 
part of a means for controlling temperature jointed 
with an anticorrosive resinous container. It risks 
leakage of the liquid due to the defectiveness of the 
joint. These risks of the freezing and the leakage 
are fatal problems in the apparatuses to control 
temperature of liquid which accompanies gas 
phase. However, it is quite difficult to sense an 
occurrence of freezing in the container. In addition, 
because neither the conventional external type con- 
figuration nor the conventional internal type config- 
uration result in a cause of compulsive stirring of 
the liquid, such apparatuses are not free of temper- 
ature deviations due to insufficient stirring. In order 
to overcome these defects when using those using 
those conventional apparatuses, it has been neces- 
sary to make modifications to the apparatuses, 
which leads to vast increase in number of compo- 
nent parts and production steps. Especially, to meet 
the difficult requirements for controlling tempera- 
ture of the corrosive ozone water, applicable metal 
materials further having appropriate workability and 
strength could not hav been selected but for v ry 
expensive ones. 

On the other hand, the reservoir according to 
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the present invention has the following advantages: 

(4) The number of component parts and the 
number of joints can be reduced to minimum. 

(5) The primary container, the secondary container, 
the conduits, etc. can be integrally formed using an s 
anticorrosive resin. 

(6) Temperature control of ozone water is per- 
formed in high efficiency and in a state having 
reduced problems of leakage, freezing and temper- 
ature deviations. io 

Although the present invention has been illustrated 
and described with respect to exemplary embodiment 
thereof, it should be understood by those skilled in the 
art that the foregoing and various other changes, omis- is 
sions and additions may be made therein and thereto, 
without departing from the spirit and scope of the 
present invention. Therefore, the present invention 
should not be understood as limited to the specific 
embodiment set out above but to include all possible 20 
embodiments which can be embodied within a scope 
encompassed and equivalents thereof with respect to 
the feature set out in the appended claims. 

Claims 25 

1 . An apparatus for producing ozone water by dissolv- 
ing gas including ozone into liquid mainly compris- 
ing water, characterized in that said apparatus 
comprises: 30 

a primary container for containing said gas and 
said liquid in a state wherein said gas and said 
liquid contact each other; 

a circulation line which is provided with a 35 
means for controlling temperature and which is 
adapted to circulate said liquid and to jet said 
liquid from a position communicated with said 
gas; and 

a means for sucking and mixing said gas into 40 
said liquid being jetted, wherein said means for 
sucking and mixing comprises a nozzle which 
is provided in said circulation line and jets said 
liquid thereby causing negative pressure about 
an outlet of said nozzle. 45 

2. An apparatus for producing ozone water as set forth 
in claim 1, wherein said circulation line further com- 
prises a thin-shaped secondary container which is 
separate from said primary container, wherein said so 
secondary container has anticorrosive inner sur- 
face against ozone, and wherein said means for 
controlling temperature is located at said second- 
ary container. 

55 

3. An apparatus for producing ozone water as set forth 
in claim 2, wherein said inner surface comprises an 
anti-ozone-corrosive thin membraned wall. 
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4. An apparatus for producing ozone water by dissolv- 
ing gas including ozone into liquid mainly compris- 
ing water, characterized in that said apparatus 
comprises a circulation line and a primary container 
for containing in-process ozone water, wherein said 
circulation line is provided with a thin-shaped sec- 
ondary container which is separate from said pri- 
mary container, wherein said secondary container 
is provided with a means for controlling temperature 
so as to accelerate dissolving of said ozone into 
said liquid and is provided with an inner surface 
comprising an anti-ozone-corrosive thin mem- 
braned wall. 

5. An apparatus for producing ozone water as set forth 
in claim 4, wherein said circulation line is adapted to 
circulate said liquid and to jet said liquid from a 
position communicated with said gas and com- 
prises a means for sucking and mixing said gas into 
said liquid to be jetted, wherein said means further 
comprises a nozzle which is located in said circula- 
tion line so as to jet said liquid, thereby locally caus- 
ing negative pressure about an outlet thereof. 

6. An ozone water reservoir comprising a primary 
container for holding ozone water and a circulation 
line to circulate and return said ozone water into 
said primary container thereby stirring said ozone 
water, wherein said circulation line comprises a 
thin-shaped secondary container which is provided 
with a means for controlling temperature, wherein 
said secondary container comprises an anti-ozone- 
corrosive thin membraned wall and wherein said 
means for controlling temperature comprises a 
cooling medium made of metal which contacts with 
said membraned wall. 

7. An ozone water reservoir as set forth in claim 6, 
wherein said means for controlling temperature uti- 
lizes a Peltier element so as to cool said cooling 
medium. 

8. An ozone water reservoir as set forth in claim 6, 
wherein said means for controlling temperature 
comprises a coil-shaped portion through which 
some cooling medium flows. 
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